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METHOD AND APPARATUS FOR INTRUSION
DETECTION

BACKGROUND OF THE INVENTION

Intrusion detection systems for detecting and signal-
ing an alarm if a person or persons intrude into a surveil-
lance area are well known. Optical, infrared, seismic,
sonic, radar, and like sensing techniques are employed
for such purpose. For outdoor, all-weather surveillance,
continuous wave (CW) radar often is used since it is
much less susceptible to inclement weather conditions
such as heavy rain, fog, and snow than the other tech-
mques. Examples of CW radar intrusion detection sys-
tems are to be found in U.S. Pat. Nos. 3,242,486—Cor-
bell; 3,859,656—Klein et al: and 3,803,599—McLean et
al. A major operational deficiency of many prior art
CW radar counterintrusion systems is that false alarms
are frequently caused by small animals that meander
into the surveillance area and by very large moving
objects, such as trucks, that move well outside the sur-
veilllance area. The principal reason for this deficiency
is that currently available radar sensors which are suit-
able for unattended alarm system applications cannot
distinguish among any of the following:

1. Small objects that are moving in close proximity to
the sensor, inside the survelllance area;

2. Large objects moving a relatively long distance well
outside the boundary of the surveillance area; and

3. A person entering the threshold of the surveillance
area.

This inability to distinguish objects often occurs be-

cause the sensing mechanism is sensitive to and operates

on the amplitude of the radar echo received from a

moving object, which can be the same amplitude for a

very small object at short distances or a very large

object at a long distance.

A prior art solution to part of this problem of false
alarms 1s disclosed in U.S. Pat. No. 3,815,131—Dautel
et al which discloses a two-sensor system in which the
surveillance area is located between the two sensors
which are mounted facing each other. To avoid inter-
ference, the sensors operate at different frequencies.
Also, the antennas are designed so as to suppress side
and back lobes. Outputs from the sensors are combined
in an AND gate whereby only when a target is detected
by both sensors will an alarm be initiated. Thus, if a
small animal or bird comes close to one of the sensors it
will be detected only by that particular sensor since it is
too far from the opposite sensor, and no alarm will be
mitiated. Similarly, a large vehicle moving some dis-
tance away 1n the field of one sensor may be detected by
that sensor but 1s less likely to be detected by the oppo-
site sensor since it 1s in the suppressed side- or back-
lobes thereof. Hence, no alarm is initiated. A major
disadvantage of such an arrangement is that there re-
main significant areas in the detection geometry where
energy reflected from large reflecting objects will be
detected by both sensors causing false alarms. Examples
are: (a) where a chain-link security fence is running
parallel to the axis of the sensors and the fence is vi-
brated by the wind and (b) when large vehicles, such as
trucks, move parallel to the sensing axis.

SUMMARY OF THE INVENTION AND
OBJECTS

An object of this invention is the provision of intru-
sion detection method and apparatus for detecting and
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2

signaling an alarm at the earliest possible time upon
encroachment of a surveillance area by a person but
which are not subject to false alarms from persons or
vehicles moving outside the surveillance area or by
small animals and birds moving close to sensors in-
cluded therein.

An object of this invention is the provision of an
improved continuous wave radar sensor system for
intrusion detection which in addition to providing a
Doppler signal in response to movement of an object in
a surveillance zone also provides a range, or distance,
signal for use in distinguishing between objects of dif-
ferent size and distance from the system.

This object will be apparent to those skilled in the art,
in that, the use of continous wave, as opposed to pulsed-
doppler or frequency modulated continuous wave tech-
niques, achieves the highest possible rejection of signals
caused by strong reflections from near-by fixed (non-
moving) objects such as the ground and nearby struc-
tures; there being an approximate factor of 100 times (20
dB) better rejection of fixed-object “clutter”, using
contimous wave, over the best attainable using other
techniques. Hence, a much larger area of surveillance is
possible for any given sized object to be detected.

The above and other objects and advantages of this
invention are achieved by use of first and second conti-
nous wave Doppler systems each having a radiation
field covering a surveillance area. The antenna for the
second system 1s located above the antenna for the first
system which 1s substantially at ground level. A dis-
tance data signal is produced in response to Doppler
output signals from the first and second systems, which
distance data signal is proportional to the distance of a
moving object from the first system. This distance data
signal, together with Doppler frequency and amplitude
data obtained from the Doppler output signal from at
least one of the Doppler systems, are used to distinguish
between objects of different size and for producing
alarm only when an object of predetermined size is
sensed within a surveillance area or volume.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of this
invention will become apparent from the following
description considered with the accompanying draw-
ings. In the drawings, wherein like reference characters
refer to the same parts in the several views:

FIG. 1 1s a sitmplified block diagram showing an in-
trusion detection system embodying the present inven-
tion;

FIG. 2 is a diagrammatic plan view taken along line
2—2 of FIG. 1;

FIG. 3 1s a block diagram showing details of a trans-
mitting system of a type which may be used in the sys-
tem shown in FIG. 1;

FIG. 4 15 a plot of Doppler frequency as a function of
range for the elevated CW Doppler system shown in
FIG. 1;

FIG. § 1s a block diagram showing details of distance
measuring means of the type which may be employed in
the system of FIG. 1;

FIG. 6 1s a plot of 1/(1 —cos6) as a function of range
for use in explaining the operation of the distance mea-
suring means shown in FIG. §;

FIG. 7 is a block diagram showing details of a modi-
fied form of distance measuring means employing ana-
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log processing, which may be employed in the system
shown in FIG. 1;

FIG. 8 is a plot showing logs (1/(1 —cos8)) as a func-
tion of range for use in explaining operation of the sys-
tems shown 1n FIGS. 7 and 9;

FIG. 9 is a simplified block diagram showing another
embodiment of this invention employing digital pro-
cessing of data by means of a digital computer; and

FIG. 10 is a block diagram showing details of a modi-
fied form of intrusion detection system embodying the
present invention.

Reference first is made to FIG. 1 of the drawings
wherein the intrusion detection system 1s shown to
include first and second transmitting-receiving antennas
10 and 12. Antenna 10 is shown located at substantially
ground level for transmission of radio frequency energy
along a beam axis 14 extending substantially parallel to
the ground. A beam pattern 15 for antenna 10 is shown
in the plan view of FIG. 2. Second antenna 12 is located
above antenna 10 on a suitale support 16, and radiation
from antenna 12 i1s directed downwardly such that the
beam 18 overlaps the beam from antenna 10. Beam
patterns 15 and 18 are illustrative only, the directivity of
antennas employed in the system not being critical to
the operation thereof. Non-directional antennas could
be employed if desired, so long as the beam patterns
overlapped within the surveillance area.

As will become apparent hereinbelow, the system is
adapted for detecting moving objects within a surveil-
lance area, in the overlapping beam volume, and for
discriminating between moving objects of different
characteristics, such as size, where by an alarm may be
signaled only when objects with particular characteris-
tics are detected. For purposes of description only and
not by way of limitation, system operation for detecting
and signaling an alarm if a person, or persons, intrudes
into the surveillance area will be described. With this
system, no alarm is signaled in response to signals pro-
duced by small animals and birds moving close to the
sensing antennas, or by large targets, such as vehicles,
moving outside a predetermined surveillance area.

The Doppler transceiver associated with antenna 10
comprises a transmitter 20 which includes a transmitter
operating at radio frequency fi. Energy from the trans-
mitter 1s coupled to the antenna through a circulator 22,
and energy from the antenna 10 is coupled through the
circulator 22 to a mixer 24 for mixing, or heterodyning,
with received signals from the antenna. Reflected en-
ergy from fixed, non-moving, objects in the vicinity
have the same frequency f} as the transmitted wave and,
hence, when the two signals are mixed the resultant
frequency is zero. Waves reflected from moving objects
are shifted in frequency according to Doppler’s princi-
ple, and when the direct and reflected signals are mixed
at mixer 24 the difference between the two frequencies
appears at the output of the mixer. The Doppler fre-
quency 1s directly proportional to the radial velocity of
the target.

In FIG. 1 a target 26 i1s shown moving along the
ground toward the surveillance area. With antenna 10
located at substantially ground level, the illustrated
vertical angle 61 between the antenna axis 14 and a line
between the target 26 and antenna 10 is substantially
zero at any position of the target.

The signal frequency, i.e. Doppler difference fre-
quency, detected at the output of mixer 24 1s given by

fa=(2fiv/c) cos 84 (1)
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where:
fi is the operating frequency of the transmitter (Hz);
v 1s the radial velocity of the moving target 26 (me-
ters/second);
c is the propagation velocity of wave (e.g. for electro-
magnetic waves 3 X 108 meters/second); and
cos 01 is the cosine of the angle 81 shown in FIG. 1.
Since the angle 01 is substantially zero, the cosine is
substantially equal to unity and, therefore for any sen-
sor-to-target range (distance) the Doppler difference
frequency, fg, is a function only of the radial velocity
(i.e., given that the transmitted frequency, fi, and the
velocity of propagation, ¢, remain constant).
The signal power received by the radar is propor-
tional to

P=AK/R*? (2)
where:

A 1s the radar cross section of the target;

K 1s a contant for the radar dependent upon power

radiated, antenna gain, frequency, and the like; and

R is the slant range from the radar to the target.

The second CW radar associated with the elevated
antenna 1s of the same type as the ground level radar
and 1s shown to include also a transmitter 30, circulator
32 and mixer 34. To avoid interference between the
lower and upper Doppler radars, they are operated at
two different frequencies. At radar frequencies, in, say,
the gigahertz frequency range, only a relatively small
difference in operating frequencies is required to avoid
interference. In the arrangement of FI1G. 1 the transmit-
ter 30 1s shown operating at frequency {3, different from
f1.

As mentioned above, the Doppler difference fre-
quency produced by the lower, ground level, radar is
substantially independent of distance of the object 26
from the antenna; the angle 61 being substantially con-
stant and equal to zero regardless of distance. However,
for the elevated sensor, the Doppler difference fre-
quency measured at antenna 12 1s dependent upon the
angle 62 which, in turn, ts dependent upon the distance
of the target 26 therefrom.

It will be seen, then, that the Doppler frequency
output from mixer 24 is proportional to the radial veloc-
ity, v, of the intruder 26 whereas the Doppler frequency
output from mixer 34 1s proportional to a combination
of the radial velocity, v, and changes in the angle 6-. In
FIG. 1, the output from mixer 24 is labeled 2f; v/c (plus
amplitude variations), (cos 61 being substantially 1 since
01 1s substantially equal to zero), and the output from
mixer 34 is labeled (2f2 v/c)cos 62 (plus amplitude varia-
tions).

Outputs from the mixers 24 and 34 are supplied to
distance measuring means 40 having an output which is
proportional to the distance from the sensors of objects
moving on the ground, such as intruder 26. Circuitry
for processing the mixer outputs to obtain a measure of
range of objects moving on the ground is described in
detail hereinbelow. For present purposes, it will be
noted that the distance, or range, data from distance
detecting means 40 is supplied to a data processor 42 for
processing with Doppler {requency and signal ampli-
tude data from at least one of the sensors. In FIG. 1, the
output from mixer 24 of the lower sensor is shown
supplied to Doppler frequency and amplitude detecting
means 44-1 having outputs proportional to the ampli-
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tude and to the Doppler frequency of the input signal
from the mixer 24. The amplitude and frequency data
signals from 44-1 are supplied to the data processor 42
for processing with the distance data. Under certain
conditions of distance, amplitude, and frequency data
signal inputs, the data processor provides an output
signal to an alarm circuit 46 for signaling the presence
of an intruder in the surveillance area.

If desired, the mixer 34 output may be processed to
obtain amplitude and Doppler frequency data signals
therefrom, which may be processed along with the
distance data from distance measuring means 40 and the
amplitude and Doppler frequency data from Doppler
frequency and amplitude detecting means 44-1. In FIG.
1, a second Doppler frequency and amplitude detecting
means 44-2 1s shown for processing the mixer 34 output
and producing amplitude and Doppler frequency data
which 1s supplied to the processor 42. Doppler fre-
quency and amplitude detecting means responsive to
Doppler difference frequency signals from mixers for
producing outputs proportional to the Doppler fre-
quency and to the amplitude thereof are well known
and require no additional description or disclosure.

To prevent the upper and lower sensors from inter-
fering with one another, they are operated at two differ-
ent frequencies. It is also desirable that the relationship
between the operating frequencies of the sensors remain
constant so that as frequency drifts with temperature, or
the like, the upper and lower operating frequencies will
drift together. One way of accomplishing this is illus-
trated 1n FIG. 3, to which Figure reference now 1is
made. There, a high frequency oscillator 50 is shown
which operates at a frequency fg near the desired oper-
ating frequencies of the two radar systems. A second,
low frequency, oscillator 52 operating at frequency fr is
provided, and outputs from the two oscillators are con-
nected to a balanced mixer 54. For purposes of illustra-
tion only, and not by limitation, oscillator frequencies
frrand {1 of, say, 1600 MHz and 16 MHz, respectively,
may be employed. Sum and difference frequency signals
are provided at the output from the balanced mixer 54,
here, 1600+ 16 MHz (1616 MHz) and 1600-16 MHz
(1584 MHz). Band-pass filters 56 and 58 separate the
two frequencies, and the lower frequency signal f; is
supplied to circulator 22 while the higher frequency
signal f> 1s supplied to circulator 32, for transmission to
the associated antennas 10 and 12, respectively. By use
of a double-balanced mixer 54 the input frequency sig-
nals fz and f; are eliminated from the mixer output. The
operating frequencies of the two sensors are sufficiently
different to avoid interference between the two radar
systems. However, the frequencies are sufficiently close
to frequency fy so as to produce Doppler difference
frequencies substantially the same as would be pro-
duced by independent operation of the upper and lower
radar systems at frequency fg. Thus, as seen in FIG. 2,
the Doppler difference frequency output from mixer 24
1S

2fyv/c=2fpv/c (3)
and the Doppler difference frequency output from
mixer 34 is

(2fav/c)cos Bs=(2fgv/c) cos 63 (4)

Reterence now is made to FIG. 4 wherein a plot of
the Doppler difference frequency as a function of range
for the elevated sensor is shown. There, range is shown

6

in multiples of the elevation height H. From FIG. 4, it
will be apparent that for an object moving along the
ground at a distance of approximately 4 H or greater,
the Doppler difference frequency at the elevated sensor
1s substantially the same as that at the lower sensor.
However, as the range decreases, the Doppler differ-
ence frequency at the upper sensor, relative to the Dop-
pler difference frequency at the lower sensor, decreases
rapidly, in theory reaching zero when the moving ob-

10 ject 1s directly beneath the elevated antenna 12.
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Details of a distance detecting means 40 for process-
ing Doppler difference signals from the mixers 24 and
34 to produce a signal proportional to distance now will
be described with reference to FIG. 5. Where the
above-described system of FIG. 3 is employed for fre-
quency separation, Doppler difference frequency out-
puts from mixers 24 and 34 are, approximately 2fyv/c
and (2fgv/c)cosfy, respectively. For simplicity, the
subscript H is deleted from FIG. § and the following
description.

The outputs from the mixers 24 and 34, which vary in
amplitude, are supplied to hard limiters 60 and 62, re-
spectively. With hard limiting, substantially constant
amplitude output signals with Doppler difference fre-
quencies of 2fv/c and (2Cfv/c)cos@; are provided at the
respective hmiter outputs. The limiter outputs are sup-
plied to a subtractor 64 where the limiter 62 outputs is
subtracted from that of limiter 60, as follows:

2fv/c—(2fv/c)cosbr=(2fv/c) (1 —cosé) {5)

The output from the subtractor 64, together with the
limiter 60 output, is supplied to a divider 66 where the
hmiter output 1s divided by the subtractor output, as
follows:

2/v/c ]

N S (6)
(2fv/c) (1 — cosé)) 1 — cosé>

From equation (6) 1t is seen that the divider 66 output
1s proportional to cosf; which, as seen in FIG. 1 is
proportional to distance of the moving object 26 from
the sensors. FIG. 6 shows a plot of 1/1—cos63) as a
function of range, in which range again is identified in
multiples of height H. Plotted on the log-log scales of
FIG. 6, the function is seen to be substantially linear
between ranges of 1H to 20H.

As shown In FIG. 1, and described above, range
information from distance detecting means 40 is sup-
phed to the data processor 42 together with Doppler
difference frequency and/or signal amplitude data from
at least one of the sensors. With the addition of target
range data, the processor 42 is able to discriminate
wanted from unwanted targets, thereby reducing the
number of false alarms produced, for example, by the
detection of very large objects outside the surveillance
area. It here will be noted that accurate range measure-
ments are not required for discriminating between cer-
tain targets. Approximate range data are all that is re-
quired to identify targets well outside and inside the
surveillance area.

As an example only, and not by way of limitation, the
novel intrusion detection system of this invention may
be used for detection of persons within a surveillance
arca extending between, say, 20 and 100 feet from the
ground antenna 10. For this surveillance area, the ele-
vated antenna 12 would be mounted between, say 20 to
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30 feet off the ground, above antenna 10. For the detec-
tion of a moving person within the surveillance area,
detection criteria would be stored in the data processor
42 in the form of signals identifying unique combina-
tions of amplitude, range and speed signals which a
person moving in the surveillance area might produce.
Combinations of amplitude, range and speed signals not
matching the selected combinations would not trigger
an output from the processor 42. For example, a rela-
tively large amplitude signal received from a small ani-
mal moving at close range would not be mistaken for a
person because the expected amplitude for a moving
person at such close range would be much larger. Simi-
larly, even if a strong echo signal 1s received, if the
detected range is well beyond the limits of the surveil-
lance area, the signal can be discounted as having been
generated by a large target, such as a vehicle or truck,
moving outside the surveillance area. It will be apparent
that the present invention is not limited to any particular
detection criteria. With different criteria, the system
could be used for detecting, say moving vehicles within
a predetermined range, small moving animals, or the
like, while discriminating against targets having other
characteristics. Clearly, a large number of detection
criteria may be employed, as desired, for processing the
range, amplitude and Doppler frequency signals, for
distinguishing targets having different characteristics
and sounding an alarm only when certain targets are
identified.

The range, Doppler frequency, and amplitude data
signals may be processed using either analog or digital
techniques. In either case, some form of memory is
required in the processor 42. If the processing ts accom-
plished by analog techniques, the memory may be in the
form of selected amplifier bandwidths, threshold set-
tings, feed back loops, comparator circuits, or the like.
A digital processor, on the other hand could have mem-
ory in the form of storage registers where the criteria
for decision for signaling an alarm could be stored. It
will be seen, then, that conventional circuitry may be
employed for storing detection criteria and for check-
ing the stored values against actual signal values related
to distance, amplitude and Doppler difference fre-
quency in the processor 42 for determining the condi-
tions under which an alarm is to be actuated.

Reference now i1s made to FIG. 7 of the drawings
wherein distance measuring means 40-1 employing ana-
log signal processing is shown in block diagram form.
There, Doppler difference signals approximately equal
to 2fv/c (plus amplitude variations) and (2fv/c) cosé»
(plus amplitude variations) from the mixers 24 and 34
are shown supplied to limiters 60 and 62, respectively,
for removal of amplitude data, leaving only frequency
information. The limiter outputs are applied to a differ-
ence amplifier 70 to obtain the difference thereof.

The output form the difference amplifier 70 and the
limited signal from limiter 60 are converted to logari-
thamic form by logarithmic converters, or amplifiers,
72 and 74, respectively. The logarithmic values are
supplied to a second difference amplifier circuit 76 to
obtain the difference therebetween. The subtraction of
the two values, in logarithmic form, vields the quotient
thereof, in logarithmic form. Thus, the output from the
difference amplfier is in the form log2(1/(1 —cos6?)).
F1G. 8 shows a plot of log(1/(1 —cos8)) as a function
of range, 1n multiples of H. (If desired, this output may
be supplied to an antilog circuit for generating the
antilog, 1/(1 —cos3), thereof.) It will be seen that the
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logarthmic function from difference amplifier 76 is pro-
portional to distance of the target, or intruder, from the .
radar sensors. This output, or the antilog thereof, is
supplied to the decision circuits of the data processing
means, such as processor 42, where it 1s combined with
amplitude and/or Doppler frequency data from one or
both radar sensors in the decision process described
above.

As noted above, digital processing of data also is
possible, and an example of a digital processing system
1s illustrated in FIG. 9, to which figure reference now is
made. The outputs from mixers 24 and 34 are supplied
to cycle counters 80 and 82, respectively. Timing and
control means 84 establishes the interval over which the
cycle counters count the cycles of the signals from the
mixers. At the end of the cycle time the contents of the
cycle counters are transferred to a digital computer 86.

At the computer, distance data is derived from the
counter outputs by subtracting the output of counter 82
from the output of counter 80. The result of the subtrac-
tion then is supplied to a matrix, or look-up table, in the
computer 86 for conversion to binary logarithm form.
Similarly, the output from the counter 80 is onverted to
binary logarithm form as by use of the matrix or look-up
table. Then, by subtraction of difference signal, in loga-
rithmic form, from the counter 80 output, in logarithmic
form, the function log2(1/(1 —cos8,)) is obtained, a plot
of which is shown in FIG. 8.

Amplitude data also is derived from Doppler differ-
ence signals from the mixers 24 and 34 by supplying the
mixer outputs to amplitude detectors 88 and 90, respec-
tively, comprising, for example, rectifier-filter combina-
tions. Analog to digital converters 92 and 94 convert
the amplitude data into digital form for use by the digi-
tal computer 86. As described above, detection criteria
is stored in the digital computer 86 for comparison with
the calculated distance data and the amplitude data
from the analog to digital converters 92 and 94. Combi-
nations of data matching the stored criteria data result

in an output from the computer for triggering the alarm
46.

Another method providing f{requency separation
while maintaining a constant relationship between the
operating frequencies of the two radar systems em-
ployed in the present CW intrusion detection system of
this invention 1s illustrated in FIG. 10, to which figure
reference now 1s made. There, a single oscillator 100 is
employed operating at a frequency fi. The oscillator
output is supplied to antenna 10 through circulator 22
for transmission from the antenna 10. The output from
the oscillator 100 also 1s supplied to a band-pass filter
102 tuned to the second harmonic frequency 2f; of the
oscillator. The output from the band-pass filter is ampli-
fied by amplifier 104 and the amplified output is sup-
plied to the circulator 32 for transmission from antenna
12.

The signal received by antenna 12, and a portion of
the output signal from amplifier 104, are supplied to the
mixer 34 through the circulator 32, from which mixer
the Doppler difference signal for the upper radar is
obtained. Similarly, the signal received by antenna 10 is
mixed at mixer 24 with a sample from the oscillator 100,
from which mixer the Doppler difference frequency
signal for the lower radar is obtained. The frequency of
the mixer 24 output 1s doubled at frequency doubler 106
to produce a compatible signal to that from mixer 34.
Outputs from frequency doubler 106 and mixer 34 are
processed in the manner described above to derive dis-
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tance and amplitude data therefrom for discriminating
detection of intruders.

The 1nvention having been described in detail in ac-
cordance with requirements of the Patent Statutes, vari-
ous other changes and modifications will suggest them-
selves to those skilled in this art. For example, the in-
vention is not Iimited to use with the illustrated mono-
static radars. Instead, a bistatic configuration may be
employed for either radar, or for both radars. Also, the
present system 1s well adapted for use in conjunction
with, or as a part of, other intrusion detection systems.
For example, the present system may be combined with
the system shown in the above-mentioned Dautel et al
U.S. Pat. No. 3,815,131 by the addition of a third radar
at the opposite side of the surveillance area and facing
antenna 10. The output from this additional sensor
could be easily processed by the data processor. Also,
although means for deriving distance data as a function

of 1/(1 —cos83) (see FIGS. § and 6) or as a function of

loga (1/(1 —cos6s) (see FIGS. 7, 8 and 9), the invention 2°

1s not Iimited to use of such functions. Obviously, with
the Doppler frequency signals available from the two
sensors other functions, such as cosf>; and 1—cosé;
could readily be derived and employed in the present
system. It i1s also apparent that the invention can be
implemented using acoustic or other wave energy as
well as the radio frequency energy implementation
described hereon. Additionally, it here will be noted
that the above-described system can be *“confused” by
the presence of multiple targets. For example, if two or
three people attempt to intrude at the same time from
different approaches, the system cannot sort-out the
complex echo signals and the processing of distance
breaks down. However, since the amplitude of the sig-
nals in both sensors is preserved, a rule built in to the
detection process (or algorithm) will be provided so
that in the event that there are relatively strong signals
in both sensors (above some predetermined level) the
system will automatically go into alarm. This rule also
provides a countermeasure against an intruder trying to
enter the detection field by using a large reflecting ob-
ject (corner reflector or large flat reflecting plate) held
over his head so as to introduce equally strong signals
into both sensors. It is intended that the above and other
such changes and modifications shall fall within the
spirit and scope of the invention as defined in the ap-
pended claims.

I claim:

1. In an intrusion detection system for detecting the
presence of an intruder moving along the ground in a
surveillance area, the combination comprising,

a first Doppler radar system comprising first antenna

means at a first level adjacent ground level having
a radiation pattern for illuminating the surveillance
area and providing a first Doppler difference fre-
quency signal In response to movement of an in-
truder in said surveillance area,

a second Doppler radar system comprising second
antenna means having a radiation pattern for sub-
stantially illuminating said surveillance area from a
spaced position substantially directly above said
first antenna and providing a second Doppler dif-
ference frequency signal in response to movement
of an mtruder 1n said surveillance area, the first
Doppler difference frequency remaining substan-
tially constant while the second Doppler difference
frequency decreases upon approach of an intruder

10

at a substantially constant radial velocity with re-

spect to said first antenna means, and
means responsive to said first and second Doppler
difference frequency signals for generating a signal
3 proportional to distance of a moving intruder from
at least one of said first and second antenna means.
2. In an intrusion detection system as defined in claim

1 inciuding,

means responsive to said signal proportional to dis-

10 tance and to at least one of said first and second
Doppler difference frequency signals for produc-
ing an alarm signal dependent upon predetermined
characteristics of signals supplied to said alarm

15 producing means.

3. In an mtrusion detection system as defined in claim
1 wherein said first and second Doppler radar systems
are of the continuous wave type and operate at different
transmission frequencies.
4. In an intrusion detection system as defined in claim
3 including a single oscillator from which both trans-
mission frequencies are derived whereby a constant
relationship is maintained therebetween.
5. In an mtrusion detection system as defined in claim
»5 4 wherein the transmisston frequencies of said first and
second Doppler radar systems are within approximately
30 MHz of each othere, and both are in the gigahertz
range.
6. In an intrusion detection system for detecting the
30 presence of a moving intruder in a surveillance area, the
combination comprising, -
a first Doppler radar system comprising first antenna
means at a first level adjacent ground level having
a radiation pattern for illuminating the surveillance
35 area and providing a first Doppler difference fre-
quency signal in response to movement of an in-
truder in satd survelillance area,
a second Doppler radar system comprising second
antenna means having a radiation pattern for sub-
40 stantially illuminating said surveillance area from a
posttion above said first antenna and providing a
second Doppler difference frequency signal in re-
sponse t0 movement of an mtruder in said surveil-
lance, and
means responsive to said first and second Doppler
difference frequency signals for generating a signal
proportional to distance of a moving intruder from
at least one of said first and second antenna means,
saild means for generating a signal proportional to
distance comprising,
means for subtracting one of said first and second
Doppler difference frequency signals from the
other of said first and second Doppler difference
55 frequency signals to obtain a difference signal,
and
means responsive to said difference signal and to
one of said first and second Doppler difference
frequency signals for dividing one of said signals
60 by the other thereof to produce said output pro-
portional to distance.
7. In an intrusion detection system as defined in claim
6 wherein said second Doppler difference frequency
signal 1s subtracted from said first Doppler difference
65 frequency signal at said subtracting means, and
said first Doppler difference frequency signal is di-
vided by said difference signal from said subtract-
Ing means at said dividing means.

45

50
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8. In an intruston detection system as defined in claim
6 wherein said means for generating a signal propor-
tional to distance also includes,

limiter means for amplitude limiting said first and
second Doppler difference frequency signals be-
fore application thereof to said subtracting and
dividing means.

9. In an intrusion detection system as defined in claim

8 wherein said limiter means provides hard limiting
action of the first and second Doppler difference fre-
quency signals.

10. In an intrusion detection system for detecting the
presence of a moving intruder in a surveillance area, the
combination comprising,

a first Doppler radar system comprising first antenna

means at a first level adjacent ground level having
a radiation pattern for tlluminating the surveillance
area and providing a first Doppler difference fre-
quency signal in response to movement of an in-
truder in said surveillance area,

a second Doppler radar system comprising second
antenna means having a radiation pattern for sub-
stantially 1lluminating said surveillance area from a
position above said first antenna and providing a
second Doppler difference frequency signal in re-
sponse to movement of an intruder in said surveil-
lance area, said first and second Doppler radar
systems being of the continuous wave type and
operating at different transmission frequencies, the
transmission frequency of one of said first and sec-
ond Doppler radar systems being twice that of the
other, said system including a single oscillator from
which both transmission frequencies are derived
whereby a constant relationship is maintained
therebetween, and

means responsive to said first and second Doppler
difference frequency signals for generating a signal
proportional to distance of a moving intruder from
at least one of said first and second antenna means.

11. In an intrusion detection system for detecting the
presence of a moving intruder in a surveillance area, the
combination comprising,
a first Doppler radar system comprising first antenna
means at a first level adjacent ground level having
a radiation pattern for illuminating the surveillance
area and providing a first Doppler difference fre-
quency signal in response to movement of an in-
truder 1n said surveillance area, the radiation pat-
tern of said first antenna means including an axis
substantially parallel to and adjacent the ground,

the second Doppler radar system comprising second
antenna means having a radiation pattern for sub-
stantially illuminating said surveillance area from a
position above said first antenna and providing a
second Doppler difference frequency signal in re-
sponse to movement of an intruder in said surveil-
lance area, the radiation pattern of said second
antenna means including a downwardly directed
axis which substantially intersects the radiation
pattern axis of said first antenna, and

means responsive to saild first and second Doppler
difference frequency signals for generating a signal
proportional to distance of a moving intruder from
at least one of said first and second antenna means.

12. In an intrusion detection system as defined in
claim 11 wherein said second antenna means is located
substantially directly above said first antenna means.

>
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13. In an intrusion detection system for detecting the
presence of an object moving along the ground in a
protected area, the combination comprising,

first means for producing first Doppler difference

frequency signals in response t0 a moving object
within a first radiated energy field,

second means for producing second Doppler ditfer-

ence frequency signals in response to said moving
object within a second radiated energy field which
overlaps said first radiated energy field,

said first and second Doppler difference frequency

signal producing means including first and second
antenna means, respectively, one of which is lo-
cated substantially directly above the other,

said first and second Doppler difference frequency

signals being related in amplitude and frequency to
characteristics of said moving object,

the frequency of said first Doppler difference fre-

quency signals being substantially directly related
to radial velocity of the moving object relative to
said first antenna means, and

the frequency of said second Doppler difference fre-

quency signals being substantially directly related
to radial velocity of the moving object relative to
said first antenna means times a trigonometric func-
tion of an angle formed between lines extending
from said moving object to said first and second
antenna means.

14. In an intrusion detection system as defined in
claim 13 wherein the trigonometric function comprises
the cosine of said angle.

15. In an intrusion detection system as defined in
claim 13 including

means responsive to said first and second Doppler

difference frequency signals for producing a signal
proportional to distance of the moving object from
said first means for producing first Doppler differ-
ence frequency signals.

16. In an intrusion detection system as defined in
claim 15 including

means responsive to said first Doppler difference

 frequency signals and to said signal proportional to

distance for producing an alarm signal dependent
upon predetermined characteristics of said signals.

17. A method of detecting an object moving along
the ground within a protected area using first and sec-
ond Doppler radar systems which include first and
second antenna means, respectively, said method com-
prising,

establishing said first antenna means of said first Dop-

pler radar system at a substantially ground level
position,

establishing said second antenna means of said second

Doppler radar system at a position a spaced dis-
tance from and substantially directly above said
first antenna means,

using said first radar system, illuminating the pro-

tected area with wave radiation at a first frequency
and obtaining first Doppler difference frequency
signals in response to movement of an object along
the ground in the area illuminated, the first Dop-
pler difference frequency being substantially di-
rectly related to the radial velocity of the moving
object relative to said first antenna means,

using said second radar system, illuminating the pro-

tected area with wave radiation at a second fre-
quency and obtaining second Doppler difference
frequency signals in response to said moving ob-
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ject, the second Doppler difference frequency
being substantially directly related to the radial
velocity of the moving object relative to said first
antenna means times a trigonometric function of an
angle formed between lines extending from said
moving object to said first and second antenna
means, and

deriving from said first and second Doppler differ-

ence frequency signals a distance signal propor-
tional to distance of the moving object from said
first antenna means.

18. A method of detecting an object as defined in
claim 17 including,

generating an alarm signal when said signal propor-

tional to distance and at least one of said unlimited
Doppler difference frequency signals meet prede-
termined criteria.

19. A method of detecting an object moving along
the ground within a protected area using first and sec-
ond Doppler radar systems which include first and
second antenna means, respectively, said method com-
prising,

establishing said first antenna means of said first Dop-

pler radar system at a substantially ground level
poOsition,

establishing said second antenna means of said second

Doppler radar system at a position a spaced dis-
tance from and substantially directly above said
first antenna means,

using satd first radar system, illuminating the pro-

tected area with wave radiation at a first frequency
and obtaining first Doppler difference frequency
signals in response to movement of an object along
the ground in the area illuminated,

using said second radar system, illuminating the pro-

tected area with wave radiation at a second fre-
quency and obtaining second Doppler difference
frequency signals in response to said moving ob-
ject, and

dertving from said first and second Doppler differ-

ence frequency signals a distance signal propor-
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tional to distance of the moving object from said
first antenna means, said deriving step comprising

hard limiting said first and second Doppler difference
frequency signals,
subtracting one of said hard limited signals from the
other thereof to obtain a difference signal, and

dividing one of said hard himited first Doppler differ-
ence frequency signal and difference signal by the
other thereof to obtain said distance signal.

20. A method of detecting an object moving along
the ground within a protected area using first and sec-
ond Doppler radar systems which include first and
second antenna means, respectively, said method com-
prising,

establishing said first antenna means of said first Dop-

pler radar system at a substantially ground level
position,

establishing said second antenna means of said second

Doppler radar system at a position a spaced dis-
tance from and substantially directly above said
first antenna means,

using said first radar system, illuminating the pro-

tected area with wave radiation at a first frequency
and obtaining first Doppler difference frequency
signals in response to movement of an object along
the ground in the area illuminated,

using said second radar system, illuminating the pro-

tected area with wave radiation at a second fre-
quency and obtaining second Doppler difference
frequency signals in response to said moving ob-
ject,

dertving from said first and second Doppler differ-

ence frequency signals a distance signal propor-
tional to distance of the moving object from said
first antenna means, and

generating an alarm signal when said signal propor-

tional to distance and at least one of said unlimited
Doppler difference frequency signals meet prede-
termined criteria, said criteria including amplitude
of said signal proportional to distance and at least
one of said unlimited Doppler difference frequency

signals.
* %k * * *
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